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MEKORAWDUM REPORT 

f o r  

TRAILETG-EDGE AILEROWS IhT HIGH-SPEED FLIGIiT 

.By E e r b e r t  11. Eoover and Maurice D. Wii te  

T5.e f1.I.ght te s t n  ai' beveled trailing-edge a i l e r o n s  on 

the Xorth Arlerican XP-51. airplane, a,~13 i-.epQrted I n .  r e f e r e n c e  1, 

were extezided t o  detei*mine t h e  a l . l e ron  c h a r & c t e r i s t , i c s  I n  

high-speed d i v e s .  

Standai-d XACA recorr1ir-q; instru:nent,s were x s e 5  t3 Cete r -  

rnhe a l r s ~ e e c J ,  a i l e r o n  pos;itioii,  s t i c k  foPCF3, anC pa te  or 

r o l l  . 
The t e s t s  were carried t o  Q Z ~  in?i.icated LrirApeed oi' 

approximately 492 miles per iiour (520 r,ii1es p e r  liour t r u e  

a i r s p e e d )  a t  a n  a l t i t u d e  0.r about 6000 feet. L h e  rnax iriiutn 

a i r s p e e d  corr6spond.s t o  a Mack nunber of  a p ~ ~ r o x i m a t e l g  G .  6 9 .  

rn 

The r e s u l t s  ob ta ined  show t'n_tit t h e  beve led  trziling-edge 

i"orm of aeroigriarni c balance, 8.5 used 011 t h e  XP-5l ailerons, 

had no abnormal o r  unusual  c h a r a c t e r i s t i c s  i n  high-speed 

flights The a i l e r ~ x  e f f e c t i v e n e s s  and. a i l e r o n  :;i.nge 

moments rerriained e s s e n t i a l l y  p r o p o r t i o n a l  t o  aileron cleflec- 

t i o n  at all speeds t e s t e d  arid. there was no tenC:ency for the  

a i l e r o n s  t o  shake or overSalGnce.  
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value be1n.g considered a reasoliable upper  l i m i t  r ’ o ~  s t i c k  

f o r c e s ,  a r e  p l o t t e d  aga i i i s t  i n d l c a t e d  a i r z p e e d  i ’ o ~  t h e  

r e b x i l t  a i l e r o n s .  R.esults f o r  t he  first p a i r  or“ ziocli2ied 

ailerons a n d  for t he  orizinal c;ilerDns a r e  a l s o  s!-iown. 

T h e  e f f e c t  of the heav ie r  f o r c e s  requi . red i n  rolls t o  the 

l e f t  i s  evidel-:ced :in the  I.owci? r+ol11.ng v e l o c i t i e s  obtaint tble  

in left roils as compared wi th  righ-l; rolls a t   hi$^ speeds. 

S p e c i f i c a l l y ,  the r e s u l t s  show t h a t  a t  an i n d i c a t e d .  

mate~ .y  0.0 o f  t ILe  nnxinium l e v e ~ - f l ! - g h t  s p e e d ,  a vahic- of 
r;b - of 0.07 is obtained i n  r i g h t  r o l l s  and O , O r ) 3  in l e f t  rolls zv 
for a 30-pound. s t i c k  f o r c e .  i.he aver.a!i_e of‘ t h e s e  v a l i ~ : e s ,  

wh.ich inroulti cor respon?  t o  the coriditior: where t l L e  unsym- 

I 7  

c 

which i s  less than the recornenfled v8lu.e QY 0.07. 

Aileron  !Dim Tah E r f e c t i v e n e s s  

between the trim tab  ori the  l e i t  a?leron axd. the a i l r j r o n  

i t s e l f .  P ~ e l ~ i m i n a r y  t e s t s  0:‘ t h e  a l f e r o n s  shovred a r i g h t  

f o r c e  o f  varyirig but ra ther  large magnitude t:, be r equ i r ed  

for tr.finl aver the  speed range’wi t h  the tab s e t  a t  neutral. 

It was a l s o  s1T,owx t h a t  the taS was inadequate  for probucing 
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S i n c e  tlie defiectlol: r m g e  for the a i l e r o n s  wzs increased 

t',;e conximicat ion:  
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  



ai’ the tests on %F.e ai_?.er,?ii c e n t ? o l  s;,?stem. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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The a i l e r o n  de f l ec tFons  and a i r s p e e d s  a t  rhich t h e s e  

-.. 
1 'i'.ne ~esa7ts 3.f t h s e  ca lcu la tLocs  a r e  ,pr?o't=al?ly some*;:i;at 

conse rva t ive  Por the bevelec? trailLn.g-%dge s u r f a c ? ~  s i n c e  t h e  

data f o r  p i a h  flaps used, ir, tiie an&lysis d.0 not take i n t o  

account t h e  rec'Luc+uion i n  1ca:l a t  t 3 e  t r a i l i n g  edge c o r r e -  
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curve vias used  to es tab l i s l :  t h e  l i m i t i n g  a i l e m n  de,"i.ecti:>!r:s 

i n  the TTi!CA k e s t s .  

Condtt ion TII ( s t a t i c  t e s t -b reak fnp  ---.--A l.oa.6). - T h e  cur-Je o f  
__I-.--. .__-1_1__ 

c o n d i t i o n  LII s'r~ows the  a f l e r o n  d.e.flectioxs and airayw,ed.s  a t  

which t h e  a i r  l3 ,ads  pr.esmmbly wo:.113 e q u a l  t h e  g t a t i c  t e s t  

breaking load of 210 pounds per s!;i.mre , f o o t .  

A comparison o f  t h e  ,da ta  of f i g w e s  2 and .i shows that, 

a t  high speeds the  limiting aileron d e f l e c t i o n s  skiown f o r  

c o n d i t i o n  I1 could be reached. w i t h  a r a h i r m r n  appl ied.  s t i c k  

f o r c e  o f  about 56 paiirids. With a s t i c k  f o r c e  of ' (0 pounds, 
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70 pour,.j.s be ing  E reasonable  uprer  l i m i t  f o r  t h e  maxinum 

It appears ,  tneref 'ore ,  t h a t  t he  rect i lc t ian I n  a i l e r o n  

speeds where the a i l e r o n  e f f e c t i v e n e s s  was inciaeased 55 percent 

t o  7 0  percent oTu.er t ha t  o.? t,he o r i g i n a l  a i l e r o n s .  

speeds t h e  roll obta ined  fox- a g iven  s t i c k  f o r c e  was from 

20 .?i,"rcent t o  40 percen t  greater tha:i that obtaina 'ble  wit11 

the  original XP-51 ailerons and. appears t o  be as great as 

the  s t r en . z th  o f  the p r s s e i i t  wing and a l l e r o n  s t r u c t u r e  will 

permi t .  

4 t  high  

In gene ra l ,  t h e  l a t e r a l  c o n t , r o l  c h a r a c t e r i s t r c s  w i t h  the 

modif fed  a i l e r o n s  may b e  said. t o  be comparable xith those of 

such a i r p l a n e s  as the P-40 and the XP-60 virhich, in t h a t  

r e s p e c t ,  a r e  among t 3 e  nost  s a t i s f a c t o r y  t e s t e d .  
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I. f w t h e r  lighte2in.g f t h e  a i l e r o n  s t i c k  foi>c.es o f  the 

XP-51 i s  tittempteij, the s t r e n g t h  02 t h e  wLng-all-eron structure 

shoi i ld  be resxarilned i n  de t a i l ,  s i n c e  t h e  sa fe  1 i :n iCJs  of d e f l e c -  

wi th  B b w p e  . 
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F I G U R E  I ( A ) ,  - V I E W  O F  R E B U I L T  A I L E R O N  O N  L L F T  W I N G  
" xP-51 A I R P L A N E .  

O F  

I 

F I G U R E  I ( B > .  - C L O S E - U P  V I E W  O F  T R I M  T A B  O N  R E B U I L T  
A I L E R O N  O N  L E F T  W I N G  O F  xp-51 A I R - .  
P L A N E 0  T A B  D E F L E C T E D  D O W N ,  
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